Introduction {#sec1_1}
============

Patients who experience a stroke or transient ischemic attack (TIA) are known to be at high risk of subsequent vascular events \[[@B1],[@B2],[@B3],[@B4]\], underscoring the need for secondary preventive intervention. Today, there are several evidence-based methods of secondary preventive treatment \[[@B5]\], and estimates suggest that an 80-90% risk reduction could be achieved by optimizing treatment combining different approaches \[[@B6]\]. Evidence of secondary preventive medical treatment is, however, to a great extent based on clinical trials that are generally performed in selected populations \[[@B7],[@B8]\]. Experience from population-based studies using a multifactorial secondary preventive approach is, to our knowledge, lacking among stroke and TIA patients. Similarly, knowledge regarding success in reaching set target values as defined in published guidelines \[[@B9],[@B10]\] is limited in an unselected stroke and TIA population.

In the EuroAspire survey, which included patients with coronary artery disease, the proportion of patients reaching the targets for blood pressure and cholesterol was 61 and 46%, respectively \[[@B11]\]. International surveys of a similar size are lacking among cerebrovascular patients, but smaller national studies indicate that secondary prevention is equally unsuccessful in this population \[[@B12],[@B13],[@B14]\]. This suggests insufficiency in the implementation of secondary prevention, emphasizing the need to develop effective methods of follow-up that are simple enough to implement in clinical practice. Programs of intensified, multifactorial, secondary prevention among patients with type 2 diabetes \[[@B15]\], acute coronary syndrome \[[@B16],[@B17]\], and minor stroke/TIA \[[@B18]\] have previously shown promising results in terms of improved control of risk factors \[[@B15],[@B16],[@B17],[@B18]\] and reduction of vascular events and mortality \[[@B15]\]. Implementing secondary prevention in an unselected stroke and TIA population has, however, not been studied, making it difficult to estimate the potential gain from intensified secondary preventive programs at a population level.

In Sweden, secondary prevention following stroke and TIA is initiated during hospitalization, and additional follow-up is usually performed by a general practitioner, a routine common in many countries. The NAILED (nurse-based age-independent intervention to limit evolution of disease after stroke) stroke risk factor trial is an on-going, population-based, randomized, controlled trial with two parallel groups. The trial will test the hypothesis that nurse-led telephone-based follow-up, in addition to usual care, is an effective method for promptly reaching set target values for blood pressure and blood lipids. In the present study, we focused on the feasibility of implementing this follow-up program on a population level. Our objectives were to analyze the participation rate, the reasons for nonparticipation including exclusion and the patients\' decision not to participate, and the one-year mortality rate for excluded patients compared with included patients and patients declining participation.

Materials and Methods {#sec1_2}
=====================

Study Population {#sec2_1}
----------------

The study participants were those considered for inclusion in the NAILED stroke risk factor trial between January 1, 2010 and December 31, 2011. Through a routine based on performed computed tomography scans, all patients admitted to Östersund hospital and diagnosed with either stroke or TIA were identified. A stroke event was defined in accordance with the WHO definition \[[@B19]\]. Both ischemic and hemorrhagic events were included, with the exception of subarachnoid hemorrhage. A TIA was defined as symptoms of stroke dissolving within 24 h. Patients who died during hospitalization were excluded from the study.

Östersund hospital is the only hospital in the county of Jämtland and, with the exception of those in terminal care, all patients with symptoms of suspected stroke or TIA are referred there. The county constitutes a rural catchment area situated in the middle part of Sweden, and is inhabited by approximately 126,000 people.

Study Design {#sec2_2}
------------

This was a nonparticipation study, focusing on the feasibility of telephone-based, nurse-led, secondary preventive follow-up on a population level. During patients\' hospitalization, specially trained study nurses collected baseline data, including clinical status, comorbidity and risk factors for all identified patients. A full list of descriptive variables is given in table [1](#T1){ref-type="table"}. Data were gathered through patient interviews and further supplemented through review of the medical records.

Before discharge, all surviving patients were considered for inclusion into the randomized secondary preventive follow-up, i.e. the nurse-led, telephone-based follow-up, including titration of medications. For further details about the design of the intervention, readers are referred to the previously published study protocol \[[@B20]\]. Since the follow-up was to be conducted by telephone, patients were required to be physically and cognitively able to communicate over the telephone in order to be eligible for randomization. In addition, patients had to be able to visit their primary care facility (or the hospital if they lived nearby) to have a blood test for lipids and get a standardized blood pressure control measurement prior to each contact. Those participating in another on-going trial were excluded. The main reason for exclusion was carefully documented for each patient not eligible for randomization.

The study population was grouped as follows: (1) patients who were eligible for inclusion and agreed to be randomized into the secondary preventive follow-up comprised the 'included' group, (2) patients eligible for participation but who chose not to participate comprised the 'declining participation' group, and (3) patients not eligible for inclusion due to either severe physical or cognitive impairment or participation in another clinical trial comprised the 'excluded' group.

To address the prognosis after discharge, a one-year follow-up of mortality was performed on all patients. Information about mortal events and causes of death was obtained through the National Cause of Death Register. Mortal events were classified as cardiovascular or noncardiovascular. In cases where the information obtained through the National Cause of Death Register was insufficient to classify the cause of death accordingly, the information was further supplemented through review of the medical records. The study was approved by the regional ethics committee, Umeå University, Umeå, Sweden.

Statistical Analysis {#sec2_3}
--------------------

Baseline characteristics for participants, excluded patients, and patients declining participation were compared using the χ^2^ test, Fischer\'s exact test, or independent-samples t test as appropriate. All tests were 2-sided, and statistical significance was determined at an alpha level of 0.05.

To identify independent predictors of the patient decision not to participate, a multivariate logistic regression model was set up, comprising all patients eligible for inclusion and including all descriptive variables found to differ significantly between included patients and patients declining participation. A second multivariate model was constructed to explore independent associations between baseline characteristics and exclusion. This second model comprised all study participants and included all variables found to differ significantly between excluded patients and patients eligible for inclusion. Regardless of significant differences between groups, both models also included sex as a covariate. Associations were expressed as odds ratios (OR) with 95% confidence intervals (CIs).

The Kaplan-Meier estimator, with the log-rank test for group comparisons, was used to assess the cumulative one-year survival of included patients, excluded patients and patients declining participation. Univariate logistic regression was applied to calculate the ORs for mortality, with the group of included patients as a reference category.

Continuous variables were categorized when used in regression analyses, and multicolinearity diagnostics did not show any serious multicolinearity between variables included in the multivariate models. All statistical analyses were performed using SPSS v. 20.0.

Results {#sec1_3}
=======

Study Participants {#sec2_4}
------------------

During the inclusion period, 887 patients with stroke (n = 600) or TIA (n = 287) were identified. Seventy-seven (8.7%) patients died during the initial hospitalization and were therefore excluded from further analyses. Of the surviving 810 patients, 430 (53.1%) were eligible for inclusion and agreed to be randomized into the secondary preventive follow-up, whereas 91 (11.2%) patients declined participation and 289 (35.7%) were excluded. The reported main reasons for exclusion (fig. [1](#F1){ref-type="fig"}) were severe stroke disease (n = 114, 39.4%), dementia (n = 66, 22.8%), aphasia (n = 51, 17.6%), other severe disease (n = 48, 16.6%), impaired hearing (n = 6, 2.1%), and participation in another clinical trial (n = 4, 1.4%).

Baseline Characteristics {#sec2_5}
------------------------

Comparison of baseline characteristics between included and excluded patients confirmed substantial differences in terms of clinical status, comorbidity, and burden of risk factors (table [2](#T2){ref-type="table"}). The group of excluded patients contained a larger proportion of stroke diagnoses as well as a larger proportion of patients with a modified Rankin Scale (mRS) score \>3. Moreover, excluded patients were significantly older and had a lower mean glomerular filtration rate (GFR), mean body mass index (BMI), and education level measured as the proportion with an education level at least equal to upper secondary school. In terms of risk factors, atrial fibrillation and hypertension were more common among excluded patients, whereas current or former smoking was less common. Finally, excluded patients were more likely to have had a previous diagnosis of ischemic heart disease, stroke or congestive heart failure.

Also, patients who chose not to participate differed from the excluded patients in several ways. The group who chose not to participate included a lower proportion of stroke diagnoses and had a lower proportion of patients with an mRS score \>3. In addition, those who chose not to participate were younger and had a higher mean GFR, a higher proportion of current or former smokers, and a lower proportion of congestive heart failure as well as atrial fibrillation.

However, significant differences in baseline characteristics were also found when the group who chose not to participate was compared with the included patients. Compared with the included patients, those who chose not to participate were older and had a lower mean GFR as well as a higher prevalence of ischemic heart disease, previous stroke, and hypertension. Their functional status, measured as the proportion of those with an mRS score \>3, was slightly poorer and the proportion with a higher education level was substantially lower.

Independent Predictors of the Decision Not to Participate {#sec2_6}
---------------------------------------------------------

Having an educational level at least equal to upper secondary school emerged as a negative predictor of the decision not to participate in the secondary preventive follow-up. None of the other variables included in the model showed any significant association with the outcome (fig. [2](#F2){ref-type="fig"}).

Independent Association between Baseline Characteristics and Exclusion {#sec2_7}
----------------------------------------------------------------------

Age ≥85 years, ischemic and hemorrhagic stroke, mRS score \>3, and congestive heart failure were positively associated with exclusion, whereas having a BMI ≥25 and an educational level at least equal to secondary school were negatively associated with exclusion (fig. [3](#F3){ref-type="fig"}).

One-Year Mortality {#sec2_8}
------------------

The one-year prognosis in terms of mortality differed substantially between included and excluded patients (p \< 0.001), whereas no significant difference in mortality was seen between included patients and patients declining participation (p = 0.190). During the first year after discharge, a total of 130 patients died, 19 (4.4%) in the included group, 104 (36.0%) in the excluded group, and 7 (7.7%) in the declining participation group.

As illustrated by the curves in figure [4](#F4){ref-type="fig"}, the greatest difference in the mortality rate between included and excluded patients was observed during the first months. However, the mortality rate remained higher among excluded patients throughout the entire year of follow-up. Exclusion was associated with a more than 12 times higher risk of mortality within the first year after discharge (OR = 12.16, 95% CI = 7.24-20.43).

Cardiovascular disease accounted for 66.2% of the total one-year mortality. Cardiovascular death was significantly more common among excluded patients compared with included patients (74.3 vs. 42.1%, p = 0.005), whereas no significant difference was found between included patients and patients declining participation (42.1 vs. 42.9%, p = 1.000).

Discussion {#sec1_4}
==========

To maximize the participation rate, the NAILED stroke risk factor trial did not have any predefined exclusion criteria other than the estimated inability to participate in the secondary preventive program (or participation in another clinical trial). This provided us with the opportunity to study the implementation of a multifactorial secondary preventive program of follow-up on a population level. To our knowledge, this approach has not previously been studied.

Broadly implementing a method of secondary preventive follow-up in clinical practice requires that it be cost-effective as well as feasible in the targeted population. The telephone-based secondary preventive follow-up program studied in the NAILED stroke risk factor trial was designed with the intention to make participation as easy as possible, potentially minimizing the need for travels to visit the health care provider and supporting compliance by using an outreaching approach. When considered for inclusion into the secondary preventive follow-up program, 64.3% of the population was found to reach a physical and cognitive level sufficient to enable participation. However, 11.2% declined participation, resulting in a final participation rate of 53.1%. This indicates that a secondary preventive program intended for implementation on a population level might only reach half of the intended population.

As illustrated by our data, the unselected stroke and TIA population constitutes an elderly group of patients with a high prevalence of comorbidity, often having a considerably reduced functional status. The representativeness of the study population in terms of age, proportion of stroke subtypes, comorbidity, and risk factors is supported by its generally good consistency with previously published data from the Swedish Stroke Register, *Riks-Stroke,* and the Swedish Hospital Discharge Register \[[@B21]\].

Most patients were excluded due to advanced disease, including severe stroke. In addition, we found that having an educational level at least equal to upper secondary school was negatively associated with exclusion, indicating a difference in stroke severity and comorbidity based on socioeconomic status (SES). Although not supported by the results of all studies \[[@B22]\], several publications confirm an association between stroke severity and low SES \[[@B23],[@B24],[@B25],[@B26]\]. In addition, low SES has been associated with worse prognosis in terms of post-stroke functional status \[[@B24]\] and mortality \[[@B23],[@B24],[@B27],[@B28]\]. When it comes to hypothesized differences in the burden of comorbidity and inequality within health care based on SES, studies show inconsistent results \[[@B26],[@B27]\] and mechanisms behind the association between SES and cerebrovascular disease remain poorly understood.

Since aphasia is common after stroke \[[@B29]\], a method of follow-up based on communication over the telephone could be of concern. In our study, the proportion excluded due to aphasia was, however, small, probably illustrating the fact that aphasia is seldom an isolated stroke sequela and is known to be associated with more severe stroke events \[[@B30]\]. It is therefore likely that some patients with aphasia were excluded not solely because of their speech disorder, but because of a generally low functional status due to the severity of the stroke or some other advanced disease. Also, the study population was a mixture of both stroke and TIA patients, strongly reducing the proportion of patients with expected communication problems due to permanent aphasia.

We believe that our study provides a reasonable estimate of what to expect in terms of participation rate when implementing an outpatient, secondary preventive, follow-up program on a population level. An increased participation rate could mainly be achieved by taking measures to reduce the proportion of patients declining participation.

In the present study, the education level was the only independent predictor associated with the decision not to participate, suggesting that education level is important for the implementation of secondary prevention, not only in terms of physical ability, but also when it comes to being motivated to participate. This finding is interesting since it could imply that more extensive patient education directed towards this particular group could generate increased participation in secondary preventive programs. It should, however, be pointed out that a statistical analysis does not provide information about causality, and the results should therefore be interpreted with caution.

Having a stroke is known to be associated with a high one-year mortality rate \[[@B2],[@B28]\]. The overall mortality rate among stroke patients in our population, taking into account those who died during hospitalization, is in agreement with previous population-based studies (data not shown) \[[@B28]\]. According to our results, the group of patients accounting for the vast majority of deaths is a group in which intensified secondary prevention in order to meet guidelines is very difficult to implement. It is also evident that a considerable proportion of deaths occur within the first months. We believe that these findings are important to consider in the implementation and assessment of secondary prevention, since they limit the realistic secondary preventive potential on a population level.

Strengths and Weaknesses {#sec2_9}
------------------------

The population-based, prospective design of the NAILED stroke risk factor trial provided an excellent opportunity to study the implementation of secondary prevention on a population level, and we were able to include a relatively large population. During a 3-month test period, all patients diagnosed with a stroke or TIA were successfully identified, assuring that very few patients are likely to have been missed during the inclusion period. In addition, the descriptive data contained a very small number of missing values (with the exception of prior hyperlipidemia), and no patient was lost to follow-up.

Stroke and TIA are, by definition \[[@B19]\], clinical diagnoses. To ensure a consistent use of the diagnostic criteria, a second independent evaluation by a neurologist would have been preferable. This was, however, not performed, and could be considered a weakness of the study.

Additional variables related to SES would have been desirable in order to further analyze the associations found between educational level, the decision not to participate and exclusion. The group of patients declining participation did, however, constitute a fairly small sample, limiting the number of variables to be included in a multivariate model.

Conclusion {#sec1_5}
==========

The implementation of secondary prevention in an unselected stroke and TIA population is greatly limited by the high prevalence of comorbidity and a considerable degree of disability. A large proportion of these patients are unable to participate even in simple secondary preventive follow-up, and the one-year mortality rate was substantially higher in this group. In addition, our results indicate that the education level is of importance for the clinical outcome as well as the motivation to participate in secondary preventive programs. Further research to investigate the mechanisms behind the associations between education level, clinical outcome and participation in secondary preventive programs is needed.
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###### 

Definition of variables

  -------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Stroke                           Includes ischemic and hemorrhagic events except for subarachnoid hemorrhage. An event was defined in accordance with the WHO definition of stroke \[[@B19]\]
                                   
  Transient ischemic attack        Symptoms of stroke dissolving within 24 h
                                   
  Glomerular filtration rate       Based on creatinine clearance calculated using the Cockcroft-Gault formula
                                   
  Body mass index                  Calculated as the person\'s weight in kilograms divided by the square of the person\'s height in meters
                                   
  Postbasic education              Educational level at least equal to upper secondary school
                                   
  Ischemic heart disease           Previous diagnosis of acute myocardial infarction and/or performed percutaneous coronary intervention and/or coronary artery bypass graft
                                   
  Previous stroke                  Previous diagnosis of cerebral infarction or hemorrhage
                                   
  Peripheral artery disease        Previously diagnosed peripheral artery disease including atherosclerotic aneurysms and carotid artery stenosis
                                   
  Congestive heart failure         Previous diagnosis of congestive heart failure
                                   
  Smoking                          Current or former smoker
                                   
  Atrial fibrillation              Diagnosed previously or during the current hospitalization
                                   
  Hyperlipidemia                   Low-density lipoprotein cholesterol (calculated using the Friedewald formula) ≥2.5 or total cholesterol ≥4.5, or patient currently on lipid-lowering medication
                                   
  Hypertension                     Previous diagnosis of hypertension
                                   
  Diabetes                         Previous diagnosis of diabetes mellitus
                                   
  Cardiovascular events of death   Events of death registered in the National Cause of Death Register as caused by any of the following: myocardial infarction, stroke, congestive heart failure, cardiogenic shock, cardiac arrhythmia, pulmonary embolism, aortic aneurysm rupture or peripheral artery disease
  -------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Characteristics of the study population

                              Included      Excluded   Declining participation   p^a^   p^b^          p^c^                       
  --------------------------- ------------- ---------- ------------------------- ------ ------------- ------ --------- --------- ---------
  Subjects                    430           53.1       289                       35.7   91            11.2                       
  Male                        234           54.4       146                       50.5   48            52.7   0.304     0.771     0.711
  Age, mean ± SD, years       71.8 ± 10.6              81.5 ± 9.1                       77.2 ± 13.1          \<0.001   \<0.001   0.004
  Stroke                      273           63.5       263                       91.0   64            70.3   \<0.001   0.215     \<0.001
   Ischemic                   254                      234                              56                                       
   Hemorrhagic                19                       28                               8                                        
   Unspecified                0                        1                                0                                        
  mRS score \>3               36            8.4        172                       59.5   15            16.5   \<0.001   0.018     \<0.001
  GFR                                                                                                                            
   Mean ± SD, ml/min          81.7 ± 32.1              60.4 ± 29.2                      68.5 ± 34.5          \<0.001   \<0.001   0.033
   n                          429                      281                              84                                       
  BMI                                                                                                                            
   Mean ± SD                  26.8 ± 4.3               24.9 ± 4.9                       25.8 ± 4.3           \<0.001   0.070     0.123
   n                                                   275                              84                                       
  Postbasic education         181/429       42.2       37/266                    13.9   14/85         16.5   \<0.001   \<0.001   0.560
  Ischemic heart disease      55            12.8       55                        19.0   19            20.9   0.023     0.045     0.698
  Previous stroke             73            17.0       89                        30.8   24            26.4   \<0.001   0.036     0.421
  Peripheral artery disease   21            4.9        15                        5.2    3             3.3    0.853     0.782     0.580
  Congestive heart failure    21            4.9        52                        18.0   8             8.8    \<0.001   0.140     0.036
  Smoking                     206           47.9       94/283                    33.2   44/90         48.9   \<0.001   0.865     0.007
  Atrial fibrillation         85/429        19.8       106                       36.7   20/90         22.2   \<0.001   0.605     0.011
  Hyperlipidemia              310/323       96.0       210/222                   94.6   65/69         94.2   0.449     0.515     1.000
  Hypertension                262           60.9       214                       74.0   69            75.8   \<0.001   0.007     0.735
  Diabetes                    74            17.2       61                        21.1   20            22.0   0.189     0.282     0.860

p^a^, p^b^ and p^c^ indicate significance for the following comparisons: included vs. excluded (p^a^), included vs. declining participation (p^b^), and excluded vs. declining participation (p^c^). For variables with missing values, the valid number of cases is given for each group.
